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(54) Catheter having continuous braided electrode 



(57) A cattieter for ablating tissue comprises an 
elongated flexible catheter body having a continuous 
electrode comprising a braided conductive mesh sur- 
rounding a flexible plastic tubing. In a preferred embod- 
iment, the catheter comprises a catheter body, a tip sec- 
tion at the distal end of the catheter body, and an elec- 
trode assembly at the distal end of the tip section. The 
electrode assembly comprises a flexible plastic tubing 
having an outer wall with a plurality of irrigation holes 
extendlngtherethrough, a generally circular main region 
that Is generally transverse to the axis of the catheter 



body, a continuous electrode formed of a braided con- 
ductive mesh surrounding the flexible plastic tubing and 
extending over substantially all of the generally circular 
main region, and a support member having shape mem- 
ory extending within a lumen of the flexible plastic tub- 
ing. An electrode lead wire electricallyconnects the con- 
tinuous electrode to a source of ablation energy The 
catheter further comprises means for introducing an ir- 
rigation fluid into a lumen of the flexible plastic tubing of 
the electrode assembly so that the fluid can pass out of 
the electrode assembly through the in-igation holes. 
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Description 

FIELD OF THE INVENTION 

[0001] The present Invention relates to a catiieter s 
having a continuous braldeci electrode useful for creat- 
ing linear lesions. 

BACKGROUND OF THE INVENTION 

[0002] Atrial fibrillation is a common sustained cardiac 
arrhythmia and a major cause of strol<e. This condition 
is perpetuated by reentrant wavelets propagating in an 
abnormal atrial-tissue substrate. Various approaches 
have been developed to intermpt wavelets, including 15 
surgical or catheter-mediated atriotomy It is believed 
that to treat atrial fibrillation by radio-frequency ablation 
using a catheter, continuous linear lesions must be 
formed to segment the heart tissue. By segmenting the 
heart tissue, no electrical activity can be transmitted 20 
from one segment to another. Preferably, the segments 
are made too small to be able to sustain the fibrillatory 
process. A preferred approach for treating atrial fibrilla- 
tion is by forming a linear lesion where a relatively long 
electrode can be held stationary in good contact with the 25 
heart wall while ablation is completed. In this way, a con- 
tinuous transmural burn may be effected. 

SUIVIMARY OF THE INVENTION 

30 

[0003] The invention is directed to a catheter for ab- 
lating tissue comprises an elongated flexible catheter 
body having a continuous electrode comprising a braid- 
ed conductive mesh surrounding a flexible plastic tub- 
ing. 35 
[0004] In one embodiment, the catheter comprises a 
catheter body having an outer wall, proximal and distal 
ends, and at least one lumen extending therethrough. 
A tip section comprising a segment of flexible tubing 
having proximal and distal ends and at least one lumen 40 
therethrough is fixedly attached to the distal end of the 
catheter body An electrode assembly is provided at the 
distal end of the tip section. The electrode assembly 
comprises a flexible plastic tubing' and a continuous 
electrode formed of a braided conductive mesh sur- 4B 
rounding the flexible plastic tubing. An electrode lead 
wire electrically connects the continuous electrode to a 
source of ablation energy 

[0005] In a particularly preferred embodiment, the 
catheter comprises a catheter body, a tip section at the so 
distal end of the catheter body, and an electrode assem- 
bly at the distal end of the tip section. The electrode as- 
sembly comprises a flexible plastic tubing having an out- 
er wall with aplurality of imgfition holes extending there- 
through, a generally circular main region that is gener- ss 
ally transverse to the axis of the catheter body, a con- 
tinuous electrode formed of a braided conductive mesh 
surrounding the flexible plastic tubing and extending 



over substantially all of the generally circular main re- 
gion, and a support member having shape memory ex- 
tending within a lumen ofthe flexible plastic tubing. An 
electrode lead wire electrically connects the continuous 
electrode to a source of ablation energy. The catheter 
further comprises means for introducing an irrigation flu- 
id into a lumen of the flexible plastic tubing of the elec- 
trode assembly so that, in use, the fluid can pass out of 
the electrode assembly through the irrigation holes. 

DESCRIPTION OFTHE DRAWINGS 

[0006] These and other features and advantages of 
the present invention will be better understood by refer- 
ence to the following detailed description when consid- 
ered in conjunction with the accompanying drawings 

wherein: 

FIG. 1 is a side cross-sectional view of an embodi- 
ment of the catheter of the invention . 
I=^IG. 2 is a side cross-sectional view of a catheter 
body according to the invention, including the junc- 
tion between the catheter body and tip section, 
FIG. 3 is a schematic perspective view of the elec- 
trode assembly according to the invention. 
FIG. 4 is a side view of the electrode assembly ac- 
cording to the invention in a clockwise formation. 
FIG. 5 is a side view of the electrode assembly ac- 
cording to the invention in a counterclockwise for- 
mation rotated 90° relative to the assembly depict- 
ed in FIG. 4. 

FIG. 6 Is a side view of the plastic tubing used to 
fonn the electrode assembly in a straight configu- 
ration. 

FIG. 7A Is a side view of the electrode assembly in 
a straight configuration and also shows the junction 
ofthe electrode assembly and the tip section. 
FIG. 78 is an enlarged view of a portion of the prox- 
imal end ofthe electrode assembly depicted in FIG. 
7A. 

FIG. 7C is an enlarged view of a portion of the distal 
end of the electrode assembly depicted in FIG. 7A. 
FIG. 8 is a cross sectional view of a portion of the 
catheter tip section showing one means for attach- 
ing the puller wire. 

FIG. 9 is a top cross sectional views of a preferred 
puller wire anchor. 

FIG. 1 0 is a side cross sectional views of the puller 
wire anchor of FIG. 9. 

DETAILED DESCRIPTION 

[0007] The invention is directed to a catheter having 
an electrode assembly comprising a braided continuous 
electrode. The electrode assembly preferably has a 
curved region that is generally transverse to the axis of 
the catheter and is irrigated to allow for cooling during 
ablation. The catheter will now be described in more de- 
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tail with reference to a particularly preferred embodi- 
ment. As shown in FIG 1, the catheter comprises an 
elongated catheter body 12 having proximal and distal 
ends, a tip section 14 at the distal end of the catheter 

body, a control handle 1 6 at the proximal end of the cath- 
eter body, with the electrode assembly 17 mounted at 
the distal end of the tip section 14. 
[0008] With reference to FIG. 2, the catheter body 12 
comprises an elongated tubular construction having a 
single, axial or central lumen 18. The catheter body 12 
is flexible, i.e., bendable, but substantially non-com- 
pressible along its length. The catheter body 12 can be 
of any suitable construction and made of any suitable 
material. A presently preferred construction comprises 
an outer wall 22 made of polyurethane or PEBAX. The 
outer wall 22 comprises an imbedded braided mesh of 
stainless steel or the like to increase torsional stiffness 
of the catheter body 1 2 so that, when the control handle 
16 is rotated, the tip section 14 of the catheter will rotate 
in a corresponding manner 

[0009] The outer diameter of the catheter body 12 is 
not critical, but is preferably no more than about 8 
trench, more preferably 7 french. Likewise the thickness 
of the outer wall 22 Is not critical, but Is preferably thin 
enough so that the central lumen 18 can accommodate 
an Infusion tube, a puller wire, lead wires, and any other 
wires, cables or tubes. If desired, the inner surface of 
the outer wall 22 is lined with a stiffening tube (not 
shown) to provide Improved torsional stability. A partic- 
ularly preferred catheter has an outer wall 22 with an 
outer diameter of from about 0.090 Inch to about 0.94 
inch and an inner diameter of from about 0.061 Inch to 
about 0.065 inch. 

[0010] The tip section 14 comprises a short section of 
tubing 19 having three lumens. The first lumen 30 car- 
ries electrode lead wires 50, the second lumen 32 car- 
ries a puller wire 64, and the third lumen 34 carries an 
infusion tube 44. The specific components within the tip 
section 14 are described in more detail below. The tub- 
ing 19 is made of a suitable non-toxic material that is 
preferably more flexible than the catheter body 12. A 
presently preferred material for the tubing 19 is braided 
polyurethane, i.e., polyurethane with an embedded 
mesh of braided stainless steel or the like. The size of 
each lumen is not critical. In a particularly preferred em- 
bodiment, the tip section 14 has an outer diameter of 
about 7 french (.092 inch) and the first lumen 30 and 
second lumen 32 are generally about the same size, 
each having a diameter of from about 0.020 inch to 
about 0.024 inch, preferably 0.022 inch, with the third 
lumen 34 having a slightly larger diameter of from about 
0.032 inch to about 0.038 Inch, preferably 0.035 Inch. 
[0011] A prefen-ed means for attaching the catheter 
body 12 to the tip section 14 is Illustrated In FIG. 2. The 
proximal end of the tip section 14 comprises an outer 
circumferential notch 24 that receives the inner surface 
of the outer wall 22 of the catheter body 12. The tip sec- 
tion 1 4 and catheter body 12 are attached by glue or the 



like. 

[0012] If desired, the catheter body 12 and tip section 
14can be formed of aslngle, unitary, tubing, rather than 
being fornied of two separate pieces of tubing that are 
5 joined together. Such a design might be desirable, for 
example, where the catheter body 12 and tip section 14 
contain the same number of lumens. Accordingly, the 
tienn "tip section", as used herein, does not require a 
separate piece of tubing, but Instead designates the dis- 

10 tal region of the straight, flexible tubing of the catheter. 
[001 3] If desired, a spacer (not shown) can be located 
within the catheter body between the distal end of the 
body and the proximal end of the tip section. The spacer 
provides a transition in flexibility at the junction of the 

15 catheter body and tip section , which allows this junction 
to bend smoothly without folding or kinking. A catheter 
having such a spacer is described in U.S. Patent 'No. 
5,964,757, the entire disclosure of which Is incorporated 
herein by reference. 

20 [001 4] At the distal end of the tip section 1 4 is a gen- 
erally circular electrode assembly 17, as shown in FIGs. 
1 and 3 to 5. A preferred electrode assembly 17 com- 
prises a generally straight proximal region 38, a gener- 
ally circular main region 39 and a generally straight dis- 

25 tal region 40 , as best shown in FIG. 3. The proximal 
region 38 is mounted on the tip section 14, as described 
in more detail below, so that its axis is generally parallel 
to the axis of the tip section . The proximal region 38 pref- 
erably has an exposed length .e.g., not contained within 

30 the intermediate section 14, ranging from about 3 mm 
to about 12 mm, more preferably about 3 mm to about 
8 mm, still more preferably about 5 mm, but can vary as . 
desired. A curved transition region 41 joins the proximal 
region 38 and the main region 39. 

35 [0015] In the depicted embodiment, the generally cir- 
cular main region 39 does not forni a flat circle, but Is 
very slightly helical, and is generally transverse to the 
proximal region 38, tip section 14 and catheter body 12. 
The main region 39 generally forms a circle having an 

40 outer diameter preferably ranging to about 10 mm to 
about 30 mm, more preferably about 15 mm to about 25 
mm. The transition region 41 of the straight proximal re- 
gion 38 and generally circular main region 39 is slightly 
curved and fonned such that, when viewed from the side 

45 with the proximal region at the top of the circular main 
region as shown in FIG. 4, the proximal region (along 
with the tip section 14) forms an angle a with the curved . 
region preferably ranging from about 75° to about 1 00°. 
The main region 39 can curve in a clockwise direction, 

50 as shown in FIG. 4, or a counterclockwise direction, as 
shown in FIG. 5. 

[0016] The generally circular electrode assembly 17 
comprises acontinuous electrode 36 along substantially 
all of the generally circular main region 39, which pref- 
55 erably has a length ranging from about 1 5 mm to abo ut 
35 mm. Depending on the application, the continuous 
electrode 36 may cover only a portion of the generally 
circular main region 39. The continuous electrode 36 
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comprises a conductive braided mesli 42 assembled 
over a flexible plastic tubing 45. Although the depicted 
embodiment comprises a substantially circular continu- 
ous electrode, the continuous electrode can take any 
other desired configuration, straight orcurved. Forsome 
applications, the continuous electrode preferably fomis 
a curve of at least 180 °, and the curve is preferably 
generally transverse to the axis of the catheter 
[0017] To assemble the preferred continuous elec- 
trode 36 of the invention, the braided mesh 42 is formed 
over the plastic, e.g. , polyurethane or PEBAX, tubing 45, 
as shown in FIGs. 6, 7A, 7B and 7C. The plastic tubing 
45 preferably has an outer diameter ranging from about 
0.030 inch to about 0.080 inch, more preferably from 
about 0.040 inch to about 0.050 inch, with a wall thick- 
ness preferably ranging from about 0.005 inch to about 
0.020, more preferably about 0.010 inch. The braided 
mesh 42 comprises interwoven helical members, typi- 
cally twelve, sixteen or twenty-four interwoven helical 
members, half extending in one direction and the other 
half extending in the in the counter direction. The tight- 
ness or braid angle of the helical members to a line par- 
allel with the axis of the catheter and intersecting the 
helical members is not critical, but is preferably about 
45 °. The helical members are preferably made of a con- 
ductive material having a high modulus of elasticity. Pre- 
ferred helical members are made of stainless steel wire. 
Other methods for forming a braided mesh known in the 
art may be used, for example, methods typically used 
for fomning a metal reinforcing braid within the tubing of 
the catheter body. During the braiding procedure, pref- 
erably the plastic tubing 45 is generally straight and has 
not Iseen bent to form a generally circular arrangement, 
as described above. The braided mesh 42 Is preferably 
further secured to the plastic tubing 45 with poly- 
urethane glue or the like. 

[0018] After the braided mesh 42 Is fomned over the 
•plastic tubing 45, the mesh is removed from the distal 
region 46 of the plastic tubing, as shown in FIG. 6. In a 
particularly preferred embodiment, the flexible plastic 
tubing 42 has a length ranging from about 40 mm to 
about 60 mm, more preferably about 50 mm, where the 
distal region 46 (which is not covered by the braided 
mesh) has a length ranging from about 1 0 mm to about 
20 mm, more preferably about 15 mm. Alternatively, the 
braided mesh 42 can be fonned over only a portion of 
the plastic tubing 45, although it is typically easier to 
form the mesh overthe entire tubing and thereafter re- 
move a portion of the mesh. Once the plastic tubing 45 
is fully assembled to form the generally circular elec- 
trode assembly 1 7, the distal region 46 of thetubing gen- 
erally corresponds to the generally straight distal region 
40, and the continuous electrode 36 is formed over sub- 
stantially all of the generally circular main region 39 and 
optionally overall or a part of the generally straight prox- 
imal region 38. 

[001 9] Thereafter, irrigation holes 47 are formed In the 
plastic tubing 45 using a heated needle. It Is preferred 



to form the irrigation holes 47 after the braided mesh 42 
has been formed over the plastic tubing 45 so that the 
glue used to secure the mesh does not block the holes. 
In the depicted embodiment, the plastic tubing 45 has 

5 ten irrigation holes 47 arranged in five pairs that are gen- 
erally evenly-spaced along the midsection of the plastic 
tubing. As can be seen in FIG. 6, the irrigation holes 47 
in adjacent pairs are offset from each other a distance 
of about 90° about the circumference of the plastic tub- 

10 ing 45. By this arrangement, Irrigation fluid can be more 
evenly distributed about the circumference of the con- 
tinuous electrode 36 (e.g., braided mesh 42) during use. 
In a preferred embodiment, the pairs of irrigation holes 
47 are longitudinally spaced apart from each other at a 

'5 distance ranging from about 3 mm to about 5 mm, more' 
preferably about 4 mm. As would be recognized by one 
skilled in the art, the number and arrangement of the 
irrigation holes 47 is not critical, but should be adequate 
to provide the desired amount of irrigation to the contin- 

20 uous electrode 36 depending on the particular applica- 
tion. 

[0020] After the irrigation holes 47 are formed in the 
plastic tubing 45, the distal region 46 of the tubing is 
preferably modified to provide an atraumatic design that 
25 prevents the distal end of the continuous electrode 36 
from penetrating tissue during use, as shown in FIG. 7A. 
In the depicted embodiment, the atraumatic design 
comprises a tightly wound coil spring 48 mounted within 
the distal region 46 of the plastic tubing 45 with poly- 
30 urethane glue 49 or the like. The polyurethane glue 49 
also acts to seal the distal end of the plastic tubing 45 
(and thus the distal end of the generally circular elec- 
trode assembly 17) so that irrigation fluid entering the 
proximal end of the electrode assembly cannot flow out 
35 the distal end. The coil spring 48 is made, for example, 
of stainless steel, such as the mini guldewire commer- 
cially available from Cordis Corporation (Miami, Flori- 
da). Additionally, if desired, the distal region 40 of the 
electrode assembly 17 can be formed, at least in part, 
40 of a radiopaque material to aid in the positioning of the 
electrode assembly 17 under fluoroscopy. 
[0021] Other alternative atraumatic designs could al- 
so be provided. For example, instead of having an elon- 
gated atraumatic region, an atraumatic ball (not shown) 
45 can be formed on the distal end of the electrode assem- 
bly 1 7. To fomfi the ball, the distal end of the plastic tub ing 
45 is covered with a short length of thick non-conductive 
tubing, made of polyimide, polyurethane or the like. 
Polyurethane adhesive or the like is applied into and 
50 around the edges of the non-conductive tubing to round 
off the edges of the distal end of the plastic tubing 45, 
thereby preventing the distal end of the plastic tubing 
from damaging the tissue. 

[0022] The generally straight distal region 40 of the 
55 electrode assembly 17 (i.e., the distal region 46 of the 
plastic tubing 45 housing the coll spring 48) is preferably 
sufficiently long to serve as an anchor for introducing 
the catheter into a guiding sheath, as discussed in more 
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detail below, because the generally circular electrode 
assembly must be straightened upon introduction into 
the sheath. Without having the generally straight distal 
region 40 as an anchor, the generally circular electrode 
assembly 17 has a tendency to pull out of the guiding 
sheath upon its introduction into the guiding sheath. 
[0023] Preferably two ring electrodes 51 and 52 are 
mounted on the electrode assembly 17. A distal ring 
electrode 51 is mounted just distal the continuous elec- 
trode 36, and a proximal ring electrode 52 is mounted 
just proximal the continuous electrode. During assem- 
bly, a distal shrinl< sleeve 53 is fonned over the distal 
end of the braided mesh 42 and the proximal end of the 
distal region 46 of the plastic tubing 45. A proximal 
shrinl< sleeve 54 is formed over a proximal region 43 of 
the plastic tubing 45. The distal ring electrode 51 is 
mounted over the distal shrink sleeve 53, and the prox- 
imal ring electrode 52 is mounted over the proximal 
shrink sleeve 54. Each ring electrode 51 and 52 is slid 
over the corresponding shrink sleeve 53 and 54 and 
fixed in place by glue or the like. The shrink sleeves 53 
and 54 electrically isolate the ring electrodes 51 and 52 
from the continuous electrode 36. The ring electrodes 
51 and 52 can be made of any suitable solid conductive 
material, such as platinum or gold, and are preferably 
machined from platinum-lridlum bar (90%platlnum/10% 
iridium). Alternatively, the ring electrodes can be fonned 
by coating the shrink sleeves 53 and 54 with an electri- 
cally conducting material, like platinum, gold and/or irid- 
ium. The coating can be applied using sputtering, ion 
beam deposition or an equivalent technique. 
[0024] The ring electrodes 51 and 52 are each con- 
nected to a separate electrode lead wire 50. The lead 
wires 50 extend through the first lumen 30 of tip section 
14, the central lumen 18 of the catheter body 12, and 
the control handle 16, and terminate at their proximal 
end in an input jack (not shown) mounted in the handle 
that may be plugged into an appropriate source of ab- 
lation energy, e.g., radio frequency energy, and/or to a 
monitor. The portion of the lead wires 50 extending 
through the central lumen 18 of the catheter body 12, 
control handle 16 and proximal end of the tip section 14 
may be enclosed within a protective sheath 37, which 
can be made of any suitable material, preferably poly- 
imide. The protective sheath 37 is preferably anchored 
at its distal end to the proximal end of the tip sectibn 14 
by gluing it in the first lumen 30 with poiyurethane glue 
or the like. 

[0025] The lead wires 50 are attached to the ring elec- 
trodes 51 and 52 by any conventional technique. Con- 
nection of a lead wire 50 to the distal ring electrode 51 
is preferably accomplished by first making a small hole 
through the plastic tubing 45 and corresponding shrink 
sleeve 53. Such a hole can be created, for example, by 
inserting a needle through the tubing 45 and shrink 
sleeve 53 and heating the needle sufficiently to form a 
pemianent hole. A lead wire 50 is then drawn through 
the hole by using a microhook or the like. The ends of 
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the lead wire 50 are then stripped of any coating and 
soldered or welded to the underside of the ring electrode 
51 , which is then slid into position overthe hole and fixed 
in place with poiyurethane glueorthe like. The lead wire 

5 50 for the proximal ring electrode 52 preferably extends 
outside the plastic tubing 45 and proximal shrink sleeve 
54 and is soldered to the underside of the proximal ring 
electrode. An outer pnaximal shrink sleeve 55 is then 
provided overthe lead wire 50 connected to the proximal 

10 ring electrode to protect that lead wire. 

[0026] Another lead wire 50 is electrically connected 
to the continuous electrode 36. Preferably the lead wire 
50 is soldered to the proximal end of the braided mesh 
42 prior to placement of the proximal shrink sleeve 54. 

'5 The proximal shrink sleeve 42 thus acts to protect the 
lead wire 50 connected to the continuous electrode 36. 
Any other suitable method for attaching a lead wire to 
the continuous electrode can also be used. 
[0027] A short irrigation tube 56 fluidly connects the 

20 third lumen 34 of the tip section 14 to the interior of the 
electrode assembly 17. The irrigation tube 56 is prefer- 
ably made of polyimide, but can be made of any other 
suitable biocompatible material. The irrigation tube 56 
provides a means for introducing irrigation fluid into the 

25 electrode assembly 17. Irrigation fluid is introduced into 
the third lumen 34 and irrigation tube 56 by means of an 
infusion tube 58, which has its distal end mounted in the 
proximal end of the third lumen 34 of the tip section 1 4 
and which extends through the catheter body 12, out the 

30 proximal end of the control handle 16, and terminates 
in a luer hub 57 or the like at a location proximal to the 
control handle. In an alternative arrangement, a single 
lumen side arm (not shown) is fluidly connected to the 
central lumen 18 near the proximal end of the catheter 

35 body 12, as described in more detail In U.S. Patent No. 
6,120,476, the entire disclosure of which is incorporated 
herein by reference. Other means known in the art for 
introducing fluid into the electrode assembly could also . 
be provided. 

40 [0028] Preferably the generally circular shape of the 
electrode assembly 17 is maintained with a support 
member 60 that is mounted in at least a portion of the 
plastic tubing 45 of the electrode assembly The support 
member 60 is preferably made of a material having 

45 shape-memory, i.e., that can be straightened or bent out 
of its original shape upon exertion of a force and is ca- 
pable of substantially returning to its original shape upon 
removal of the force. A particulariy preferred material for 
the support member 60 is a nickel/titanium alloy. Such 

50 alloys typically comprise about 55% nickel and 45% ti- 
tanium , but may comprise from about 54% to about 57% 
nickel with the balance being titanium. A preferred nick- 
el/titanium alloy is nitinol, which has excellent shape 
memory, together with ductility, strength, corrosion re- 

55 sistance, electrical resistivity and temperature stability. 
[0029] In the depicted embodiment, the support mem- 
ber 60 has a proximal end mounted in the tip section 14 
and a distal end soldered to the proximal end of the coil 
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spring 48. Accordingly, ttie support member extends en- 
tirely through the generally circular main region 39 so 
as to define the shape of this region. By having the prox- 
imal end of the support member 60 mounted in the tip 
section 14, the support member acts to maintain the 
electrode assembly 17 on the lip section. Having a sup- 
port member 60 made of a material with shape memory 
allows the electrode assembly 17 to be straightened 
when being introduced into the heart through a guiding 
sheath and then return to its curved formation after the 
guiding sheath is removed in the heart, as described in 
more detail below. 

[0030] If desired, a temperature sensing means (not 
shown) can be provided for the electrode assembly 17. 
Any conventional temperature sensing means, e.g., a 
thermocouple or thermistor, may be used. One pre- 
ferred temperature sensing means comprises a thermo- 
couple fonned by a wire pair. One wire of the wire pair 
is a copper wire, e.g., a number 38 copper wire. The 
other wire of the wire pair is a constantan wire, which 
gives support and strength to the wire pair The wires 
and can extend through the first lumen 30 in the tip sec- 
tion 14 along with the lead wires 50. Within the catheter 
body 12 the wires and can extend through the protective 
sheath 37, also with the lead wires 50. The wires then 
extend out through the control handle 16 and to the con- 
nector (not shown) in the handle, which is connectable 
to a temperature monitor (not shown). 
[0031] A puller wire 64 Is provided for deflection of the 
tip section 14. The puller wire 64 extends through the 
catheter body 12, Is anchored at Its proximal end to the 
control handle 16, and is anchored at Its distal end to 
the tip section 14, as described In more detail below. 
The puller wire 64 is made of any suitable metal, such 
as stainless steel or Nitinol, and is preferably coated with 
Teflon® or the like. The coating imparts lubricity to the 
puller wire 64. The puller wire 64 preferably has a diam- 
eter ranging from about 0.006 to about 0.010 inch. 
[0032] A compression coil 66 is situated within the 
catheter body 12 in surrounding relation to the puller 
wire 64. The compression coil 66 extends from the prox- 
imal end of the catheter body 12 to the proximal end of 
the tip section 14. The compression coil 66 is made of 
any suitable metal, preferably stainless steel. The com- 
pression coil 66 is tightly wound on itself to provide flex- 
ibility, i.e., bending, buttoresistcompression. The inner 
diameter of the compression CO 11 66 is preferably slightly 
larger than the diameter of the puller wire 64. The Te- 
flon® coating on the puller wire 64 allows it to slide freely 
within the compression coil 66. If desired, particularly if 
the lead wires 50 are not enclosed by a protective 
sheath 62, the outer surface of the compression coil 66 
Is covered by a flexible, non-conductive sheath 68, e.g. , 
made of polyimlde tubing, to prevent contact between 
the compression coll and any other wires within thecath- 
eterbody12. 

[0033] The compression coil 66 is anchored at Its 
proximal end to the outer wall 22 of the catheter body 



12 by proximal glue joint 70 and at its distal end to the 
tip section 14 by distal glue joint 72. Both glue joints 70 
and 72 preferably comprise polyurethane glue or the 
like. The glue may be applied by means of a syringe or 
5 the like through a hole made between the outer surface 
of the catheter body 12 and the central lumen 18, Such 
a hole may be formed, for example, by a needle or the 
like that punctures the outer wall 22 of the catheter body 
1 2 which Is heated sufficiently to form a permanent hole. 

10 The glue is then introduced through the hole to the outer 
surface of the compression coil 66 and wicks around the 
outer circumference to forni ai glue joint about the entire 
circumference of the compression coll 66. 
[0034] The puller wire 64 extends into the second lu- 

15 men 32 of the tip section 1 4. Preferably the puller wire 
64 is anchored at its distal end to the side of the tip sec- 
tion 14, as shown in FIGs. 8 to 10. A T-shaped andhor 
78 is formed, which comprises a short piece of tubular 
stainless steel 80, e.g., hypodermic stock, which is fitted 

20 over the distal end of the puller wire 64 and crimped to 
fixedly secure it to the puller wire. The distal end of the 
tubular stainless steel 80 is fixedly attached, e-.g,, by 
welding, to a stainless steel cross-piece 82 such as 
stainless steel ribbon or the like. The cross-piece 82 sits 

25 in a notch 84 in a wall of the flexible tubing 19 that ex- 
tends Into the second lumen 32 of the tip section 1 4. The 
stainless steel cross-piece 82 is largerthan the opening 
and, therefore, cannot be pulled through the opening. 
The portion of the notch 84 not filled by the cross-piece 

30 82 is filled with glue 86 or the like, preferably a poly- 
urethane glue, which is harder than the material of the 
flexible tubing 19. Rough edges, if any, of the cross- 
piece 82 are polished to provide a smooth, continuous 
surface with the outer surface of the flexible tubing 19. 

35 Within the second lumen 32 of the tip section 14, the 
puller wire 64 extends through a plastic, preferably Te- 
flon®, puller wire sheath 74, which prevents the puller 
wire 64 from cutting into the wall of the tip section 14 
when the tip section is deflected. Any other suitable 

40 technique for anchoring the puller wire 64 In the tip sec- 
tion 14 can also be used. 

[0035] Longitudinal movement of the puller wire 64 
relative to the catheter body 12, which results In deflec- 
tion of the tip section 14, is accomplished by suitable 

45 manipulation of the control handle 16. Examples of suit- ■ 
able control handles for use in the present invention are 
disclosed, for example, in U.S. Patent Nos. Re 34,602 
and 5,897,529, the entire disclosures of which are in- 
corporated herein by reference. 

50 [0036] In use, a suitable guiding sheath is inserted in- 
to the patient. An example of a suitable guiding sheath 
for use in connection with the present invention is the 
Preface™ Braiding Guiding Sheath, commercially avail- 
able from Biosense Webster (Diamond Bar, California). 

55 The distal end of the sheath is guided into one of the 
atria. A catheter in accordance with the present inven- 
tion Is fed through the guiding sheath until Its distal end 
extends out of the distal end of the guiding sheath. As 
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the catheter is fed through the guiding sheath, the 
curved electrode assembly can be straightened to fit 
through the sheath, and It will return to its original shape 
upon removal of the sheath. The continuous electrode 
is then used to form continuous linear lesions by abla- 
tion. As used herein, a linear lesion refers to any lesion, 
whether curved or straight. 

[0037] For treating atrial fibrillation, the linear lesion 
is formed between two anatomical structures in the 
heart and is sufficient to block a wavelet, i.e., forms a 
boundary for the wavelet. Anatomical structures, re- 
ferred to as "atrial trigger spots", are those regions in 
the heart having limited or no electrical conductivity and 
are described in Haissaguerre et al., "Spontaneous In- 
itiation of Atrial Fibrillation by Ectopic Beats Originating 
In the Pulmonary Veins", New England Journal of Med- 
icine, 339:659-666 (Sept, 3, 1998), the disclosure of 
which is incorporated herein by reference. The linear le- 
sions typically have a length of from about 1 cm to about 

4 cm, but can be longer or shorter as necessary for a 
particular procedure. 

[0038] During ablation, irrigation fluid may be intro- 
duced through the irrigation tube and infusion tube, into 
the flexible tubing of the mapping assembly, and out 
through the irrigation holes. The fluid acts to cool the 
electrode and surrounding tissue during the ablation 
procedure and to displace blood away from the elec- 
trode. This allows more energy to be delivered safely 
into the tissue to form deeper lesions and to reduce the 
possibility of blood coagulation. The fluid introduced 
through the catheter is preferably a biologically compat- 
ible fluid, such as saline. 

[0039] The rate of fluid flow through the catheter may 
be controlled by any suitable fluid infusion pump or by 
pressure. A suitable infusion pump is the FLOGARD™ 
pump, available from Baxter. The rate of fluid flow 
through the catheter preferably ranges from about 0.5 
ml/min to about 30 ml/min, more preferably from about 

5 ml/min to about 15 ml/min, Preferably the fluid is main- 
tained at about room temperature. 

[0040] if desired, two or more puller wires can be pro- 
vided to enhance the ability to manipulate the tip section . 
In such an embodiment, a second puller wire and a sur- 
rounding second compression coil extend through the 
catheter body and into an additional off-axis lumen in 
the tip section. The first puller wire is preferably an- 
chored proximal to the anchor location of the second 
puller wire. Suitable designs of catheters having two or 
more puller wires, including suitable control handles for 
such embodiments, are described, for example, in U.S. 
Patent Nos. 6,123,699,6,171,277, and 6,183,463, and 
allowed U.S. Patent Application No.09/1 57,055, filed 
September 1 8, 1 998, the disclosures of which are incor- 
porated herein by reference. 
[0041] The preceding description has been presented 
with reference to presently prefen-ed embodiments of 
the invention. Workers skilled in the art and technology 
to which this invention pertains will appreciate that al- 



terations and changes in the described structure may 
be practiced without meaningfully departing from the 
principal, spirit and scope of this invention. 
[0042] Accordingly, the foregoing description should 
5 not be read as pertaining only to the precise structures 
described and Illustrated in the accompanying draw- 
ings, but rather should be read consistent with and as 
support to the following claims which are to have their 
fullest and fair scope. 



Claims 

1. A catheter for ablating tissue comprising an elon- 
'5 gated flexible catheter body having a continuous 

electrode comprising a braided conductive mesh 
surrounding a flexible plastic tubing, 

2. A catheter according to claim t, further comprising 
20 an electrode lead wire having a distal end electri- 
cally connected to the continuous electrode and a 
proximal end electrically connected to a source of 
ablation energy. 

25 3. A catheter according to claim 1 , wherein the flexible 
tubing has an outer wall with a plurality of irrigation 
openings extending therethrough, and wherein the 
catheter further comprises means for introducing ir- 
rigation fluid into the flexible tubing, whereby, in use, 

30 fluid can pass out of the continuous electrode 
through the imgation holes In the flexible tubing. 

4. A catheter for ablating tissue comprising: 

^5 a catheter body having an outer wall, proximal 

and distal ends, and at least one lumen extend- 
ing therethrough; 

a tip section comprising a segment of flexible 
tubing having proximal and distal ends and at 

'^0 least one lumen therethrough, the proximal end 

of the tip section being fixedly attached to the 
distal end of the catheter body; 
an electrode assembly at the distal end of the 
tip section, the electrode assembly comprising 
a flexible plastic tubing and a continuous elec- 
trode f onned of a braided conductive mesh sur- 
rounding the flexible plastic tubing; and 
an electrode lead wire electrically connecting 
the continuous electrode to a source of ablation 

50 energy. 

5. A catheter according to claim 4, wherein the elec- 
trode assembly further comprises a support mem- 
ber having shape memory extending within a lumen 

55 of the flexible plastic tubing. 

6. A catheter according to claim 4, wherein the flexible 
plastic tubing has an outer wall, at least one lumen 
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extending through the flexible plastic tubing, and a 
plurality of irrigation holes extending through the 
outer wall of the flexible plastic tubing, and wherein 
the catheter further comprises means for introduc- 
ing an irrigation fluid Into the lumen of the flexible s 
plastic tubing of the electrode assembly, whereby, 
in use, fluid can pass out of the electrode assembly 
through the Irrigation holes. 

7. A catheter according to claim 4, wherein the elec- 10 
trode assembly comprises a curved region over 
which the continuous electrode extends. 

8. A catheter according to claim 7, wherein the curved 
region is generally transverse to the axis of thecath- is 
eter body 

9. A catheter according to any one of claims 1 to 8, 
wherein the continuous electrode has a length of at 
least about 15 mm. 20 

10. A catheter for ablating tissue comprising: 

a catheter body having an outer wall, proximal 
and distal ends, and at least one lumen extend- 25 
ing therethrough; 

.a tip section' comprising a segment of flexible 
tubing having proximal and distal ends and at 
least one lumen therethrough, the proximal end 
of the tip section being fixedly attached to the 30 
distal end of the catheter body; 
an electrode assembly at the distal end of the 
tip section, the electrode assembly comprising 
a flexible plastic tubing having an outer wall 
with a plurality of irrigation holes extending 35 
therethrough, a generally circular main region 
that is generally transverse to the axis of the 
catheter body, a continuous electrode formed 
Of braided conductive mesh surrounding the 
flexible plastic tubing and extending over sub- 40 
stantially all of the generally circular main re- 
gion, and a support member having shape 
memory extending within a lumen of the flexible 
plastic tubing; 

an electrode lead wire electrically connecting 45 
the continuous electrode to a source of ablation 
energy; and 

means for introducing an irrigation fluid into a 
lumen of the flexible plastic tubing of the elec- 
trode assembly so that the fluid can pass out of 50 
the electrode assembly through the irrigation 
holes. 
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